Introduction
Tuberculosis (TB) remains a common global disease, but in England the incidence of new cases is low and has been reducing since a peak of 8280 cases in 2011, a total of 5758 cases being notified in 2015 (the most recent year for which figures are available), 1 giving an overall incidence of 10.5/100 000. Within England, the areas of highest incidence are in London, Leicester, Birmingham, and Manchester. Extrapulmonary TB (within which ocular involvement is classified by Public Health England) accounts for 58% of cases 1 and has proportionately increased in recent years.
The incidence and treatment outcomes of presumed TB-associated uveitis (TBU) up to 2007 have previously been reported from this centre. 2 Subsequently an increase in cases has been diagnosed, and recently described clinical manifestations are increasingly experienced. 3 This study aims to document the changing incidence of TBU in Manchester, to describe the clinical signs at diagnosis, and to document outcomes using the National Institute for Clinical Excellence recommended 6-month antituberculosis treatment (ATT) regime for TB, 4 which we routinely give to all those identified with TB-associated uveitis.
Patients and methods
Patients with uveitis and possible TB diagnosed between January 2008 and July 2015 were identified retrospectively from the database of the Manchester Uveitis Clinic, into which data are entered prospectively and stringently by one of us (NPJ). These were cross-referenced with the Manchester Royal Infirmary Tuberculosis Unit (which prescribes and supervises ATT for patients with TBU), but this did not identify further cases, and we are confident that case identification is complete. Patients were classified with TBU if, in the presence of qualifying uveitis, there was either evidence of active TB at another site, or a history of previous TB, or an immune response to TB antigens (as a tuberculin skin test (Mantoux), or gamma-interferon test (GIFN), or both) if no other cause of uveitis was identified. Qualifying uveitis included any uveitis with granulomatous keratic precipitates or iris nodules, any steroid-resistant uveitis, intermediate uveitis, retinal vasculitis with or without occlusion, multifocal choroiditis, single choroidal tubercle, uveitis with papillitis, atypical placoid, or serpiginous-like retinochoroiditis. Patients were included in the study only if a full 6-month course of standard ATT was administered (2 months of rifampicin, isoniazid, pyrazinamide, and ethambutol followed by 4 months of rifampicin and isoniazid). 4 Treatment compliance was ensured by home visits, and patients attended the TB clinic monthly.
Data were extracted from clinical records including age, sex, ethnic origin, country of birth, history of previous TB or contact, Mantoux testing, and/GIFN (QuantiFERON-TB Gold In-Tube is used in this Trust) ACE levels and treatment details. Ocular status including visual acuity (VA) and type of inflammation were assessed at the commencement of ATT (baseline), at the completion of treatment (6 months), and 6 months later (12 months). Details of concurrent oral steroid treatment and/or immunosuppression were noted.
Results
Tuberculosis-associated uveitis was considered in 91 patients over the study period. From these, the following were excluded: 12 patients demonstrated evidence of latent TB but the uveitis was considered unassociated, and either no ATT, or 3 months of prophylaxis for latent TB were given; in nine patients there was evidence of latent TB and previous multifocal choroiditis or atypical placoid retinochoroiditis but no current activity (in five of whom ATT had previously been given) and again, ATT was not necessary for uveitis; in three cases, the diagnosis of sarcoidosis was made, following previous treatment for TB, and in two cases, clinical information was inadequate. Overall, 65 were diagnosed with presumed TBU and received ATT. Of these, two did not complete a full 6-month ATT course, two received extended ATT following previous treatment failure, seven defaulted from follow-up before 12-month data were recorded and the care of five was transferred elsewhere so that data was incomplete. These 17 were also excluded from full data analysis, but interim (6-month) outcomes for seven of these are included. The remaining 48 patients were presumed to have TBU, received a full 6-month course of ATT and were followed for 12 months. Of these, 23 (48%) were male and 25 female, with a mean age of 34.5 years at presentation (range, 14-60 years).
All 48 patients were UK resident; 12 were UK born (of whom only 3 were of white British lineage), 10 were born in India, 12 in Pakistan (total 46% born in India or Pakistan), 11 (23%) in Africa, 2 in the Philippines, and 1 in Saudi Arabia. Thirty-three (69%) were of Indo-Pakistani or Asian ethnicity, 3 were Caucasian and 12 (25%) were Afro-Caribbean. Intraocular inflammation was bilateral in 37 patients (73%) and there were in total 85 affected eyes. At presentation, eight patients had anterior uveitis only (6 granulomatous, 2 non-granulomatous steroidresistant), 4 had intermediate uveitis, 24 (50%) panuveitis, 12 posterior uveitis. A total of 38 patients had anterior segment inflammation. Of these, 15 (31%) exhibited granulomatous inflammation. In the posterior segment, 20 patients (32 eyes) had retinal vasculitis (occlusive in 21 eyes, with disc or retinal neovascularisation in 10 eyes; 12 patients required Argon laser photocoagulation), 11 eyes of 8 patients had multifocal choroiditis, 9 eyes of 5 patients had atypical placoid or serpiginous-like chorioretinitis, and 7 eyes of 5 patients had papillitis.
Previous BCG vaccination had been received by 25 patients (52%). Two patients had previously been treated for TB (one pulmonary, one nodal). Eleven (23%) had known contact with a family member treated for TB, but only one had received TB prophylaxis. Three others were nurses who had worked with TB patients. In 40 patients, the chest X-ray was normal; in the remaining eight, six showed signs indicative of probable old TB, one showed features consistent with active upper-lobe pulmonary TB, and one showed presumed TB-related pleural effusion.
Mantoux testing was performed in 34 patients; of these, 14 had a 20 mm or greater induration diameter, 15 had 15-19 mm, the remainder showing 14, 14, 12, 11, and 8 mm. All of the latter five patients had positive GIFN tests. Of those, 14 patients not undergoing Mantoux testing, two had prior TB. The remainder did not undergo Mantoux testing for organisational reasons (usually because patients were unwilling to return for result reading), and all had positive GIFN tests. Gammainterferon testing was performed in 45 patients (of the three not tested, one had previously treated TB, one was HIV positive, and one was Mantoux-tested in another hospital) and was positive in 43 (95%). Two patients showed negative GIFN; one had active pulmonary TB and a Mantoux of 20 mm; the other had bilateral granulomatous panuveitis and a Mantoux of 17 mm. Overall, five patients (10%) were considered to have concurrent active pulmonary or nodal TB. Thirty-three patients underwent both Mantoux and GIFN testing. Using the UK Mantoux interpretation guidelines, 4 the concordance between tests was 30/33 (91%).
The angiotensin-converting enzyme (ACE) level was measured at presentation in 44 patients with a mean of 56.3 IU/l. Of these, 19 (43%) showed an elevated level 455 IU/l with all except one of these in the range 56-90. These results are shown in Figure 1 , compared to the ACE levels found in 112 patients from this clinic diagnosed with sarcoidosis. 5 All 48 patients completed a full 6-month weightadjusted course of ATT (2 months of rifampicin, isoniazid, pyrizinamide, and ethambutol (Voractiv or Rifater with ethambutol) followed by 4 months of rifampicin and isoniazid (Rifinah)). Topical steroids were used as required in 36 patients with anterior segment involvement. Oral prednisolone was used in 21 patients (44%); of these, 3 had used oral steroids for several months prior to the diagnosis of TBU and commencement of ATT; 6 commenced prednisolone 30-80 mg/day at the same time as ATT; 11 commenced prednisolone 30-80 mg/day 1-4 weeks after commencing ATT, and 1 commenced prednisolone 100 mg/day 4 months after starting ATT, following inflammation recurrence. Six months after starting ATT, 10 patients were still using prednisolone, and 6 months later, 3 remained on oral steroid. All patients were using rifampicin for 6 months and because of liver enzyme induction, prescribed steroid doses were doubled during that period. Two patients were commenced on azathioprine immunosuppression after discontinuing ATT; one patient was immunosuppressed with mycophenolate and ciclosporin during ATT, and this was discontinued before a 12-month assessment.
During the 12-month observation period, 4 patients with occlusive retinal vasculitis developed vitreous haemorrhage, 12 underwent argon laser retinal ablation, and 1 required pars plana vitrectomy with pre-retinal membrane delamination. Ten developed macular oedema. Eleven patients developed secondary glaucoma, five glaucoma drainage implants were inserted, and one underwent cyclodiode treatment. Seven patients developed cataract and nine cataract procedures were performed. The clinical manifestations and complications of TBU in all eyes are summarised in Table 1 .
After a completed course of 6 months ATT, 37/55 patients (67%) had no intraocular inflammation (with or without topical and/or systemic steroid treatment). Six months later (12 months after commencing ATT), 29/48 patients (60%) had no intraocular inflammation, and had discontinued all treatment. A further nine patients had no active intraocular inflammation, and were using topical steroid only. Nine patients were using topical steroid and had mild active anterior uveitis only, and three were using oral steroid (of which two were also using oral immunosuppression). At the end of the study, 38 patients (79%) had no active intraocular inflammation. The rate of inflammation recovery was separately analysed for anatomical type of uveitis (anterior, intermediate, 
Discussion
The incidence of new cases of TBU seen here over a 7.5-year period, compared to a previous study 2 has almost quadrupled. During this period, the overall incidence of tuberculosis in England peaked in 2011 since when there has been a year-on-year fall. However, it is likely that TBU diagnostic rates are rising because of increasing recognition of the possibility of TBU, especially for serpiginous-like and atypical placoid retinochoroiditis. 3, 6 Anatomically, panuveitis was the most common distribution of uveitis in this series. Gamma-interferon testing was used during the whole period of this study (GIFN is now recommended for supplementary testing in those who are Mantouxpositive 4 ); diagnosis has been assisted by this testing method because confounding by previous BCG vaccinated can be eliminated. There may be significant discordance between GIFN and Mantoux testing 7 but the tests are complementary, and this is probably an argument for retaining both in diagnosis. 8 In this case series, concordance was 91% using Quantiferon Gold, which appears to be more specific than T-spot testing. 9 There are no internationally agreed diagnostic criteria for TBU 10 and this is reflected in varying inclusion criteria between studies. Attempts have been made to stratify clinical signs suggestive of diagnosis 11 but a demonstration of differential cure rates for different clinical manifestations, is necessary. The sample size in this case series has been inadequate for this purpose, and a multicentre Collaborative Ocular Tuberculosis Study is in the planning stage. However, there is no indication that any of the signs used here is diagnostically inferior for TBU. Our finding that eyes with panuveitis are less likely to respond to treatment has been reported elsewhere. 12 There has been a change in the clinical manifestations of TBU seen in this clinic. A previous case series up to 2007 2 contained 1/27 (4%) with serpiginous-like choroiditis compared to 5/42 (12%) in this series. This new Presumed tuberculosis-associated uveitis N Krassas et al manifestation of TBU was first observed in India in 1997 and first described in 2003, 6 being confirmed and clinically defined by others. 13 We first observed a case in 2003 and have since described the rising incidence in Manchester. 3 The phenomenon is now widely recognised as an important indicator of TBU and should provoke diagnostic testing. Elevated ACE levels are well-reported in patients with TB. However, it is also recognised, for those with pulmonary disease, that levels tend not to be elevated to the extent often seen in sarcoidosis. A previous study 14 showed mean ACE levels of 58.6 and 104.4 IU/l for TB and sarcoidosis, respectively. This study (mean ACE levels 56.3 IU/l in TB and 94.3 IU/l in sarcoidosis, Figure 1 ) suggests that ACE elevation demonstrates a similar relationship for those with TB and sarcoidosis presenting with intraocular inflammation. This distinction however does not permit an ACE level to be used as a diagnostic discriminator between sarcoidosis and TB for an individual presenting with uveitis.
In this study, disappointingly only 60% of patients were free of inflammation, and off all treatment, 6 months after completing ATT. However, in the great majority of patients with ongoing inflammation, only non-granulomatous anterior uveitis remained and only three patients required oral treatment. Overall, 38 patients (79%) had no active intraocular inflammation detectable at the final assessment. Arguably these are good outcomes, but the need to define mild ongoing anterior uveitis as 'treatment failure' highlights the need for accepted criteria for 'success' in TBU treatment. All patients in this case series received identical (weightadjusted) ATT for 6 months. Elsewhere, variable treatment has been used, including extended treatment for 9 or 12 months. 15 Concern has been expressed about the potential increased risk of ethambutol in those with uveitis, and moxifloxacin has been substituted. 16 Our view is that this risk is small, poorly defined, and does not justify treatment change for this reason alone. While there seems little doubt that ATT enhances outcomes in TBU patients in comparison to oral steroid alone, 17 the optimal treatment duration remains uncertain.
There are several possible reasons for residual or recurrent uveitis after ATT for presumed TBU. 18 First, TBU was the correct diagnosis but either 6 months' treatment is inadequate or organisms are drug-resistant, so that viable organisms remain and a longer course or different drug combination should be considered. This suggestion has been previously made 15, 18 and there is no international consensus on management. 10 The second possible explanation for post-treatment uveitis is the phenomenon of presumed chronic autoimmune anterior uveitis following (and presumably triggered by) previous intraocular infection. This has been reported after necrotising viral retinitis 19 but is also wellrecognised following other intraocular infections including toxoplasmosis. This may explain at least some of those with residual non-granulomatous uveitis confined to the anterior segment (and therefore would not indicate inadequately effective antibacterial treatment). A third, very unlikely possibility is that an as-yet unidentified mycobacterium which provokes a GIFN response, but which is not adequately responsive to standard ATT, could cause some cases of intraocular inflammation. This is currently only hypothetical, but M. tuberculosis is not the only pathogen to cause TB (which may also arise, very uncommonly, from M. bovis). The fourth possibility is that the intraocular infection is not caused by any mycobacterium, but has a different, unknown cause. A positive GIFN test would therefore indicate either latent TB, with prior infection unrelated to the current uveitis, or a false positive GIFN test (which may be caused by, amongst others, some commensal mycobacteria, HIV infection or defective antigen tubes. 20 A previous case series from this clinic 2 found that 70% of patients were inflammation-free 6 months after completing ATT. Gamma-interferon testing became available only late during that study period and only 15% patients underwent testing. In comparison, 94% of patients in this case series underwent GIFN testing, providing near-confirmation of prior infection and reducing any confounding caused by prior BCG vaccination and Mantoux interpretation. 21 It is therefore disappointing that only 58% resolved completely after ATT, and this suggests either that accurate diagnosis is still not being achieved, or that 6 months of ATT is an inadequate duration, or that some cases of TBU are caused by drug-resistant TB, or that intraocular inflammation may persist despite resolution of TB. It has been suggested that higher GIFN responses are associated with higher recovery rates, 22 indicating a possible quantitative effect from GIFN testing. Unfortunately, PCR testing of intraocular fluid is not permitted at this hospital, but it is possible that PCR testing of either devR or MPB64 would significantly improve detection rates, both of these showing 100% specificity in a small series. 23 In conclusion, presumed tuberculosis-associated uveitis is of increasing importance in the United Kingdom and current diagnosis and management remain unsatisfactory. Currently, Public Health England (PHE) does not report ocular TB as a separate entity. There is however increasing recognition of the importance of ocular involvement and some TB authorities, including Manchester, 24 do report TBU, and in this city, TBU is, Presumed tuberculosis-associated uveitis N Krassas et al after nodal TB, the commonest recorded form of extrapulmonary TB. Several parties are working to ensure that ocular TB is recorded routinely on PHE annual statistics.
Summary
What was known before K Tuberculosis can cause uveitis and the disease is probably under-diagnosed. Preferred best management is not agreed.
What this study adds K Tuberculous uveitis has substantially increased in incidence in the UK. Gamma interferon testing can confirm exposure in patients with uveitis without concurrent active disease. Currently accepted 6-month treatment course may be inadequate.
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